The waste products, such as induction furnace slag, ladle furnace slag, air pollution control dust, and ramming mass collected from major iron processing industries in Chittagong, Bangladesh were analyzed for heavy metals and naturally radioactive elements. The concentrations of heavy metals Fe, Cr, Mn, Co, Cd, Ni, Pb, Cu and Zn were obtained from atomic absorption spectrophotometer (AAS) analysis with flame atomizer and the radioactivities due to 226 Ra, 232 Th and 40 K were determined using high purity germanium (HPGe) detector of well shielded gamma-ray counting system. From the mean specific activities of the above three natural radionuclides in the investigated samples, the radium equivalent activity (Ra eq ) and the external hazard index (H ex ) were calculated. The study showed the prospect of contamination of environmental materials (viz., soil, water, air, plant) due to many of these investigated elements by using the collected waste products in landfill. The chemical process of ion exchange indicates that the elevated heavy metals in soil can play a role to increase the natural radioactivity of the soil. The obtained Ra eq as well as H ex indicated the insignificant radiation hazard due to the activities of primordial radionuclides found in the investigated samples.
Introduction
The steel industry in Bangladesh, predominantly based in the port city of Chittagong, has appeared as a major contributor to the national economy. The rapid expansions of the shipbuilding, real estate sector as well as various infrastructure projects throughout the country are persuaded the growth of this industry. Simultaneously, huge amount of waste materials are produced. The raw materials and the process of manufacturing steel mainly induce the waste products.
In Bangladesh, the iron processing industries exploit metal scrap not iron ore.
These secondary raw materials may be three categories depending on origin: i) internal scrap that falls to the floor within the plants during steel production and that is directly recovered for the production process; ii) engineering workshop scrap that arises during the working of steel in workshops, within the construction industry, on bridge building etc. and iii) scrap metal that collected from end-of-life products e.g. on demolition of structures and installations and from households. The scrap may include everything from bridge beams to household utensils. However, above 90% of these metal scrap are automobiles and ship scrap that used in these industries in Bangladesh. The secondary producers create steel by melting scrap iron. These are mostly small steel plants, and produce mild and alloy steel of given specifications in induction furnaces using scarp and sponge iron.
Along with main raw material, limestone is used as a slag former in the iron and steel making process. This is an active component in the metallurgical processes. The slag serves to bind substances which are not desired in the steel being produced. It can also provide other purposes, such as controlling the temperature of the smelting, and minimizing any re-oxidation of the finishing liquid metal product before the molten metal is removed from the furnace and used to make solid metal thereby give the steel improved properties. Slag usually contains metal oxides and silicon dioxide. Moreover, slag may comprise metal sulfides and elemental metals. Therefore, the oxides of silicon, aluminum, calcium, magnesium, iron, and smaller amounts of phosphorus, manganese, and others depending on used raw materials, are the major elements of the slags mentioned herein.
The blast furnace and the electric arc furnace generally produce basic slag.
The oxygen converter and ladle furnace are the two routes of the blast and electric arc furnaces [1] respectively. The co-products, i.e., slag of steelmaking in Bangladesh can be divided in (i) induction furnace slag and (ii) ladle furnace slag. The upper layer of first step melted iron in electric based induction furnace is removed, which is called induction furnace slag. After removing this slag, the melted iron is transferred to a ladle furnace and some chemicals (CaO, CaC 2 (SiO 2 ) is used to shield the both induction and ladle furnace from overheating and after using 20/25 heats, these are removed as waste product and appeared as super snow white crystalline quartz called ramming mass.
Out of these four wastes, the induction and ladle furnace slag are used in cement production, bricks production, as an aggregate in the base of road construction and as a land fill. The uses make them as a part of persuading the environment.
These four types of waste products contain heavy metals and many of them are toxic elements [2] . The raw materials are basically ship scraps. Ship may be used for carrying radioactive materials and seawater may be contaminated by man-made radionuclides through nuclear accident like Fukishima nuclear power plant damage or nuclear weapons tests [3] . Moreover, seawater has some natural radionuclides and these may be deposited as a crust on the outer surface of ship due to constant contact with seawater [4] . Therefore, ship scrap products may get contamination with the radionuclides and may pose radiological hazard.
Most of the heavy metals at required amount would be useful for living things.
The excess amount causes to demolish it. Therefore, each of the elements has unique impact to occur the natural modification. 
Materials and Method

Sample Collection
The 90% of iron processing industries in Bangladesh are to be found at Chittagong and most of them named B Steel (B), R Steel (R), Bz Steel (Bz), and S Steel (S) were selected to collect their waste products. The extraction processes of the waste products of these industries are almost same. Induction furnace slag (IFS), ladle furnace slag (LFS), air pollution control dust (APCD), and ramming mass (RM) are concerned waste products and these were collected from the first place of wastes in the industries by taking some safeguard and then kept in a plastic bag with labeled as the type of wastes and names of the industries.
The dried bulk samples were ground by Agate Mortar to make powder. For the certain homogeneity in the sample, the investigated samples finally collected after passing through a 500 μm sieve. The powdered samples collected were again oven dried at 110˚C until constant weight was attained.
Sample Preparation for AAS Analysis and Data Collection
The each investigated dried and powdered sample of about 0. 
Sample Preparation for -Ray Spectrometry
For the natural radioactivity measurement, each dried sample was weighed and lead with a fix bottom and removable cover to minimize the gamma-ray background. Within this shielding arrangement, each sample was measured by placing at the surface of the detector. The counts at specific energies of the investigating samples and reference samples were taken to determine the radioactivity of the natural radioisotopes. For determining the background counts, a blank plastic container of the same geometry of the sample was used. Counting time interval was 10,000 seconds. To obtain the net peak areas, all the background counts were subtracted from original sample counts. These net peak areas, which are proportional to the radioactivity, were used to determine the concentration of radionuclides present in the investigated samples. The lower limit of detection of this HPGe gramma-ray detector for 137 Cs was obtained as 0.043679 Bq.
Detector Efficiency
For bulk material, the detector efficiency is needed to determine the activity concentration of the material. The gamma-ray spectrometry method using a germanium semiconductor detector is generally used for this purpose. The gamma-ray peak efficiency versus energy curve for each objective volume sample was determined in advance of the measurements. The detection efficiency curve depends on detection system, sample shape and sample matrix. It is done by measuring the known activity of the volume samples prepared using IAEA reference samples RGU-1, RGTh-1 and RGK-1 [11] .
The uranium ore and thorium ore with floated silica powder of similar grain size were used to prepare the IAEA-RGU-1 and IAEA-RGTh-1 radioactive powder reference samples respectively. These reference samples were provided by the IAEA. Figure 1 .
Radioactivity Concentration
A typical γ-ray spectrum of induction furnace slag (B IFS-02) is shown in Figure 2 .
The peaks of this spectrum were originated from the decay products of 
where, represents the specific activity (Bq kg −1 ), γ is the efficiency of the detector for the specific photon energy, γ is the gamma-ray intensity and m (gm)
is the mass of the sample. The uncertainty in the radioactivity of each sample was resolute by reflecting the uncertainties in peak area analysis (2%), counting statistics (1% -5%), detector efficiency (5%), gamma emission probability Figure 1 . Efficiency of detector versus gamma-ray energy curve due to standard sample prepared for the induction furnace slag. (<0.2%) and sample weight (0.01%). In general the uncertainties varied from 5% -7%. The radioactivity of each sample is being reported with the counting error of one sigma.
Radiation Hazard Index Calculation
The radium equivalent activity (Ra eq ) for gamma radiation due to the major natural radionuclides had been estimated by using the following equation [12] :
where C Ra , C Th and C K are the specific activities (Bq kg 
The upper limit of Ra eq (370 Bq kg −1 ) corresponds to unity is considered as a maximum value of H ex . Therefore, the value of H ex less than unity shows the insignificant radiation hazard due to the radiation source materials [12] .
Results and Discussions
AAS Results
Reliability of Measurements
The certified reference materials (CRM) of investigated elements (Fe, Cr, Mn, Co, Cd, Ni, Pb, Cu and Zn) were produced and certified in accordance with ISO/IEC 17025 and ISO Guide 34. The CRM is traceable in kg and measured against NIST and BAM-CRM. These standard samples were found at concentration about 1000 ppm. In this work only 1 ml of each standard sample of concentration 1000 ppm is taken in volumetric flask and about 0.25; 0.50; 1.00; 1.50 and Figure 3 shows one of the absorbance vs. concentration curve. Moreover, the analyzed concentration of known sample (Calculated value: 1.0939 ppm) by AAS was 1.0907 ppm.
Metal Concentration in Investigated Samples
The Table 1 shows a comparison of the present study with related literature. We Figure 7 . The average metal concentrations with standard errors (in %) for the ramming mass of the four iron processing industries in Chittagong. This work (LFS) *nd: not allowed to detect, **bd: below detection.
1.00E+00
1.00E+01
1.00E+02
1.00E+03 Journal of Environmental Protection picked the elements from other studies that we intended in this investigation. Though, few elements were not allowed to detect in the collected studies [13] - [18] . However, the concentrations of Cr, Cd and Ni found in Legret et al. [15] are mostly comparable with the ladle furnace slag of this work and the concentration of Cr in Legret et al. [15] , Mn in Guinea et al. [13] , Co in Rizescu et al. [16] , and Cu in Zhang et al. [17] and Ene et al. [18] are found comparable with the induction furnace slag of this investigation. Further view is that the concentrations of Fe, Pb and Zn found in this study are not comparable with the studies mentioned in the Table 1 . The most concern about these heavy metals is being taken these with food. The WHO's recommendation as mentioned in the introduction will be the limitations for human body. The different concentrations of these elements found in the investigated samples as well as different iron processing industries may be consequences of extraction process and raw materials used. The waste products of slag have positive involvement in cement and brick production and in road construction but in landfill many of the toxic elements of the slags may have hazardous contribution to environment. Due to high content of lime and carbonates in slags the conductivity of leachate will be high and pH will be very alkaline. As an effect, land will lose its fertility. In Bangladesh these slags are often used to fill up agricultural field and coastal area. Therefore, the uptake of the toxic elements of the tree of that landfill will cause harm to human being as well as animals.
The slag is mixed with soil and sea water and enriches the elements Fe, Cr, Mn, Co, Ni, Pb, Cu and Zn. Therefore, the redistribution of metal content in effected soil and sea water will play a role to change the ecosystem of the area. The excess uptake of the mentioned elements by the tree via root nutrition results to make it pollutant [19] .
The range of Cr content in tree is 1 -5 mg/kg and above the values, some metabolic alterations in plant such as decrease in chlorophyll synthesis, growth inhibition, and chlorosis can be happened [20] . The Cr content in slag samples found 381 -1785 mg/kg in this study. The hexavalent form of Cr is toxic, therefore, the wide spread of Cr will cause a threat to environment [21] .
The slag and air pollution control dust samples contained Ni, and in this study it was found an average of 22 ppm and 330 ppm respectively. The high concentration of nickel creates difficulties in plant biochemistry and plant physiology [22] .
The range of concentration of Zn found 191 -46,075 ppm in this investigation, even though most of the plants can tolerate high Zn levels [23] .
Results of Radioactive Concentrations
The measured average specific activities due to terrestrial radoinuclides 226 Ra( 238 U), 232 Th and 40 K in induction furnace slag, ladle furnace slag, air pollution control dust and ramming mass collected from different iron processing industries at Chittagong are given in Table 2 , together with the counting error of one sigma. One of the important process of ion exchange from Fe(OH) 3 , where Fe (III) enhances the accumulation of uranium and thorium in soils/sediments from seawater or other sources [27] .
Slag or other waste products of iron processing industries used in landfill in the coastal area content higher amount of Fe, Cr, Mn, Ni, Pb, Cu, etc. and these elements can play an important role to remove uranium and thorium from the seawater in soils/sediments. Therefore, the land filled with these waste products may affect the geological properties of the soil [27] [28] [29] and the elemental contamination elevates the natural radioactivity of the soil.
Hazard Index
The measured activities of 226 Ra,
232
Th and 40 K were used to calculate the radium equivalent activity and external hazard index and the results are given in Table 3 .
The obtained variations in different investigated samples are eventually followed by the specific activity of the respective samples. The radium equivalent activities of all investigated samples varied from 9.75 to 171.4 Bq kg −1 , were found lesser than the maximum value of public dose consideration (370 Bq kg −1 ) and hence acceptable of safe use [30] . The corresponding results of external hazard index in this study (0.03 -0.47) were obtained lower than unity, therefore, the radiation hazard found low due to the studied samples. 
Conclusion
The waste products collected from major iron processing industries in Chittagong were carefully analyzed to determine heavy metal by AAS and natural ra- Cs activity was found. Moreover, in radioactive concern the results reflect that the investigated waste products of iron processing industries in Chittagong seem radiologically safe for human beings. The results obtained by this study would be functional to prohibit the use of these waste products.
